Abstract. In this research we try and implement communication system using the metaphor of a door on the World Wide Web (WWW) as a media for novel types of informal communications. We call those informal communications through a door "on-door communications." As an on-door communication system, we have designed and implemented a system for a chat at a net door. One has a door page on WWW and a chat system is presented there so that the others pay a visit to have a chat at the door with two features for awareness, viz. knock and shadow. A knock on the door is used to let the others to notice of the arrival of a visitor at the door with an auditory signal. A shadow indicates the existence of visitors as well as that of the door owner. This paper reports on our design and implementation of our prototype system as well as its operations.
Introduction
In this research, we call the informal communication which uses the metaphor of a door "on-door communication. " We have brought some systems on the World-Wide Web (WWW), such as the on-door message board [4] , the chat system with knock and shadow, and the under-the-door communication system. This paper presents the chat system.
In the real world, one uses knock-on-the-door sounds and a bell to indicate the arrival of a visitor. Our chat system on WWW makes use of such sounds as a trigger for conversation. Moreover, shadows and lights on a door window tell a visitor tacitly the existence of a resident in the room. We look into such a role of a door as well as actions performed through a door. It is quite difficult to know of the existence of the others on networks compared to the real world. This paper presents our work on some awareness tools on the network such as a knock on the door and a shadow on a door window. We report on our experimental operation of our chat system with those awareness tools as well.
The next section presents the model of the on-door knock communications, and section 3 gives some related work. Section 4 describes the system design with awareness functions using auditory sound and shadow. Section 5 presents the implementation of
Fig. 1. the model of the knock-on-the-door communication
A knock-on-the-door system is composed of a door, the resident of the room, and the visitor. The door is a portal for an informal communication space with the resident. The portal has the user interface easy to guess for a user due to the door metaphor.
Related work
A protocol for User Awareness on WWW [1] provides with a discussion on awareness system with CGI and JAVA. This paper proposed an open awareness protocol to notify the presence of user to the other. Our KCP is designed for the same purpose but for auditory awareness. Sound has been used effectively for awareness [2] .
The shadow view system [7] provides the user the function using the metaphor of the shadow. The shadow function is used in order to protect a usre's privacy. Nichols and others [9] have focused on the role of the door like the mediator between the resident of the room and visitors. Ubique [3] is a system that aims to create virtual places on the WWW. This system has such functions as "who is on-line", chat and instant message. The system also dose not use auditory signal in chat.
CyberWindow [6] implemented the metaphor of a window on WWW, and interconnects the real world and the WWW environment with sound awareness. In this system, users in the real world carry hand held computers with a wireless connection to the network. The visitor uses one of the three types of message volume: "whispered", "said" and "shouted". The received messages are transformed into voice messages by means of a text-speech engine. A visitor can also show his/her emotions to the others by using various types of sound; laugh, applause and knock. In our system, not only awareness of sound but also visual awareness is given to a visitor.
The system Design of the knock-on-the-door communications
We presume the use of our system as the following scenario. The resident installs our system for a portal to his informal communication space. The others visit the door site. When a resident is in the room, his shadow appears on the door window. Visitors' shadow would be projected in front of the door-image.
In the following subsections, we describe the awareness functions, system configuration, and the knock-on-the-door protocol.
Awareness functions
The following awareness functions need to be implemented in our system. 1. to produce an auditory signal for a knock 2. to present the shadows of a resident and visitors 3. to provide users easy interfaces related to a door An auditory signal should be provided for a knock sound. We may need some other types such as the ones for laughing voice and beep sound. Shadows are expressed as black images. In order to knock, one needs to give a click on a door image and a knock sound is produced.
Our system provides users with a simple tool for knocking with a click using a standard input device such as a mouse. A click produces a sound of a knock on the door, so that anyone who has been opening that door page can hear. The shadow of the resident of the room is displayed on the window frame portion of a door, and a visitor's shadow is displayed before the door.
After a visitor connects with a system, the a shadow image is displayed in front of the door image just as an avator. A visitor is aware of the existence of the others by their shadows. Similarly the shadow of a resident is displayed on the door window.
The system configuration
In this subsection we describe the system configuration. Our system provides users with the two services, viz. Awareness services include notifying the others of one's existence and intention to talk by a knock sound and letting user know of the others' existence by shadow, and a communication service. Our system has the client and server architecture.
-The client functions provide interface for users. The server manages the information from the clients. The information includes chat messages, auditory requests and user IDs. It needs to maintain such information. It provides clients with those information so as to provide clients with a message exchange service as well.
A client interfaces the user such as a resident and visitors to the server. It presents information from the server to the user such as chat messages, the other users' shadows and auditory sounds such as knock sounds. Accordingly it requires to have the functions for the user to give a knock on the door as well as to present a knock sound to the user. Moreover, it needs to display shadows. It sends information such as chat messages and request for a knock from its local user to the server as well. Fig. 2 shows this. The client system is installed on WWW. HTTP protocol is used for a client in order to connect with the server.
Knock-on-the-door Communication Protocol
After connection with the server, the client and the server communicate with each other using our original protocol called the Knock-on-the-door Communication Protocol (KCP).
KCP is a connection oriented protocol. The Protocol Data Unit (PDU) Table of a KCP protocol is shown in Table 1 . PDU is composed of the ID of a door knock system, a command, and some data. KCP has three message types, viz. a knock message, a chat message, and a management message. See Table 2 for the detail. The knock and chat messages are sent to the server from a client. The server sends them to all the other clients which connect to the same door. The management message is used to eliminate a message, as well as to control visitorś access.
A user inputs a handle name after system starting. The handle name is used as a user ID in the chat system. 
Implementation of a prototype system
This section describes the implementation of a prototype system. The system was implemented using the JAVA language. The language is flexible so that it is easy to add new functions and services. The server was implemented with JAVA application and the client was the JAVA applet. The JAVA virtual machine of server side is JDK 1.2. The interface by the side of a client was implemented using Abstract Window Toolkit (AWT). Using the web browser which can perform JAVA applet, a user accesses the page in which the knock system was installed.
Browser environment recommends Netscape Communicator 4.5 or more and Internet Explorer 5.0 or more. Figure 3 shows an example screen image of the prototype system. In the figure the resident and two other visitors are shown. The maximum of three shadows can be displayed in front of the door image -i.e. even when we have more than three users, up to three shadows could be presented. When the resident comes to his door page, his shadow is displayed on the door window. A knock on the door can be done by clicking on the door-image with a mouse. The knock sound is reproduced using AU (AUdio file) format.
The prototype system deals with multiple doors. In order to enable this, the server publishes a door ID to the resident. The door ID is used in all the messages exchanged by clients and the server. The ID is used to indicate the chat group associated with the door with that ID.
With the chat system, we have added more function to express a userś feeling such as laughing voice. If a "LAUGH" button is pushed, laughing voice will be presented to the others just as a knock sound. Accordingly, the smile mark in text, " :-)" would appear on a chat text line. Similarly, if a "BOOING" button is selected, it gives beep sound as well as the face mark, ":-? " would appear.
Each chat message is maintained in the server with a time stamp. This way the chat system can be used to leave a message as well, so that when one visits a door and leave a message.
An experimental use

An experimental environment
We operated our prototype system to study whether knock sound was used as a trigger for conversation or not. The experimental use started from May, last year. The server environment of the experiment is shown in Table 3 . The OS and browser environment is shown in Table 4 . The knock-on-the-door system was installed into five places in total. Those of two clients are located in the campus intranet. The others are connected to the Internet (Table  5 ). Each door were assigned an unique door IDs. We assumed that all of visitors would be connected through the campus network and the Internet. 
Logfiles analysis
We studied the conversation log to know in what way knock sounds and shadows had been used. In the following example, User yuki knocked the door to start conversation with User tomimoto. In the following log, although the knock is not performed, yuki has noticed the shadow displayed on his browser , and she was aware of takahashi's existence. Figure 4 shows the expressions used in a chat during the experiment. "Chat" indicates the text-only chat without sound, "Knock" is the knock sound, ":-)" indicate the face mark with laughing voice and ":-? " is those with beep sound. 32% of the conversation used text-only chat, and 68% used sounds such as knock sound, laughing voice and beep sound. Sounds are used frequently. Interestingly for the urgent conversation, at the time of the conversation, an user want to communicate with others quickly. Used of the text-only chat was 57% and used of the knock sound was 42%. In this case, very few used face mark. Presumably the knock sound has less semantics than laughing voice and beep sound. We conclude that the knock sound is applicable for various scenes. A state of conversation and an user's emotion could be deduced by analyzing how often each type of sound is used. We will study this in the future work.
We examined the usefulness of the awareness functions such as knock sound and the shadow. Our purpose is evaluating whether knock sound is used as a trigger for a conversation as well as whether one can notice of the existence of the others by displaying shadows. We analyzed the conversation log to evaluate them to surveyed the usage by questionnaire to the users.
The conversation logs show the followings.
-Sounds are used frequently in the begining of the conversation and the during the conversaion. -One notices of the existence of the others by the knock sound.
-By shadow, a user notices of the existence of the others and invites them to join her in conversation.
We found some problems as well. Although we have implemented a function with which a user writes and leaves a message when the resident is absent, few users made use of it.
According to the user comments, few uses knew of the function. The left message is displayed on the same place as chat area. Moreover, among three weeks, there are 72 accesses to our system and 5 conversations were held. Most of the users could not make 
Future work
In the future work, we look into a web browser, and add the awareness functions such as a knock-on-the-door sound and shadow. We call such a system "On-door browser." We will implement this system on WWW.
Conclusion
In this paper, we proposed the communiation system using the metaphor of a door. We looked into such a role of a door as well as actions performed thorough a door, and proposed the knock-on-the-door system. The knock-on-the-door system provides a user with an awareness function. The awareness function is implemented by the knock action and expression of user's shadow. The next section, we proposed the model of the knock-on-the-door system.
In the section of "The system Design of the knock-on-the-door communiations", we showed functions of the knock-on-the-door system and designed it. We experimented using the prototype system. In the experiment, the knock sound was used as a trigger for conversation. The knock sound was used when a user changed the conversation of a chat and went out of a chat room. By expressing a user with a shadow, the user notices of the existence of others and invites them to join her in conversation. From the above, we saw the usefulness of the awareness with knock sound and shadow, then described the future work.
In the future work, we will implement the on-door browser system and evaluate it.
